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Abstract 
In this study, the relationship between natural gas consumption (NGC) and economic growth is 
examined. Twelve (12) countries in Europe are considered, 10 of which make up the top natural 
gas vehicle (NGV) markets in Europe. The study considers four main variables in this exercise, 
namely; gross fixed capital formation, labour force, trade openness, and real GDP. It makes use of 
panel cointegration analysis and long-run vector error correction model analysis in assessing both 
the short-run and the long-run relationship dynamics between NGC and economic growth. The 
results show that a long-run impact of NGC on economic growth does indeed exist. In the short 
run, however, this does not seem to be the case. The results also suggest the existence of the growth 
hypothesis in Austria, Bulgaria and Switzerland, while the United Kingdom (UK) and Italy support 
the conservation hypothesis.   
Keywords: natural gas consumption; economic growth; panel data analysis; natural gas vehicle 
markets 
1 Introduction  
Alternative sources of clean and efficient energy, and their uptake across the globe, have been the 
subject of much discourse in both academic and economic policy environments over the past few 
                                                      
1 Corresponding author 
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years. This is due to the increasing urgency of energy demands to sustain economic activities and 
growth, and the resultant impact on the environment. In this quest, natural gas as an alternative 
source of energy has steadily increased across Europe over the past two decades. However, the 
uptake has differed significantly across countries, with the consumption rate further being affected 
differently after the 2007 global crisis (see Figure 1). This leads to the question of how the usage 
of gas-based energy has proliferated Europe over the past two decades and what the dynamics of 
such consumption is in relation to economic growth, especially for its largest consumers.  
In 1991, total natural gas2 consumption globally was at 1 034 billion cubic metres (bcm), which 
had grown to about 3 543 bcm by 2016. Of the 1 034 bcm in 1991, Europe accounted for 33% of 
the gas consumption (at 341 bcm), but over the 15-year period since then, NGC has increased to 
about 429 bcm, while the total percentage share has fallen to 12% [1]. Moreover, the European 
Union (EU) reported a 7% growth rate for 2016 but a –2% growth rate per annum for 2005 to 
2015. A question that comes to mind is what dynamics may be at play and if any growth effects 
are at work. In comparison to traditional sources of energy such as oil (petrol and diesel), NG is 
more environmentally friendly. Additionally, substitution of these energy sources with NG would 
help drive countries closer toward the goals set by some of the most recent climate change 
agreements, such as the Kyoto Protocol and the Paris Agreement3.  
                                                      
2 The NG excludes gas converted to liquid fuel but includes derivatives of coal and NG consumed in gas-to-liquids 
transformation. 
3 Some studies have argued that NG may not be as great an alternative to helping curb CO2 emissions. This is 
because previous measures of methane emissions have not been as accurate, and actual measures may be quite 
detrimental to emissions levels (see Karion et al. [2. Karion, A., et al., Methane emissions estimate from airborne 




Figure 1: NGC for the top 10 European NGV markets, Ireland, and the UK 
 
 
This paper piggybacks on the “energy-growth” discourse originally introduced in the seminal 
paper by [3], which explores the potential feedback effect of policies aimed at cutting down energy 
consumption, and how such policies impact income levels vis-a-vis different types of energy 
sources. Whereas energy related policy recommendations need to be backed by a proper 
understanding of the potential impact of reducing (or increasing) different types of energy sources 
(including gas), on the income level. In theory, natural gas can be thought of as an 
alternative/substitute to some of the already existing inputs in a country’s production function. 
Given the potential ills of fossil fuels, we think of natural gas as a more environmental friendly 
alternative, owing to its lower carbon component. Thus, there is a need to examine the significance 
of fuel usage overtime as countries promote ways to increase adoption of lower carbon fuels, with 
the transport sector being a major player in this regard. The assessment of the role/impact of natural 
gas consumption (through natural gas vehicle proliferation) on economic growth and other 
economic indicators is one avenue through which the energy-growth nexus can be addressed. 
In assessing the linkage between gas consumption and economic growth, this study considers the 
four commonly used hypotheses put forth by Apergis and Payne [4]. These hypotheses are used to 
explain the unidirectional causality between energy consumption and economic growth, namely: 
(i) the growth hypothesis, suggesting that energy consumption has a significant impact on 
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economic growth, which can also be in relation to other economic factors such as labour and 
capital; (ii) the conservation hypothesis, explaining that energy consumption is driven by economic 
growth; (iii) the feedback hypothesis, suggesting the presence of an interdependent relationship 
(bidirectional causality) between energy consumption and economic growth; and lastly, (iv) the 
neutrality hypothesis, indicating that energy consumption has no significant impact on economic 
growth. These views will be adapted in discussions of the results to conform this study to others 
in literature. Conversely, the existence of a bidirectional causality may also be of interest, as this 
is the more likely the reality in many countries.  
While several studies have explored the relationship between energy consumption and economic 
growth, and alternative energy consumption and economic growth, some have gone further to 
focus on specific sources such as NGC and its impact on economic growth. Likewise, while studies 
in the past have examined different country groupings, such as the Organisation for Economic Co-
operation and Development (OECD) [5], the EU[6], Organization of the Petroleum-Exporting 
Countries (OPEC) [7], Group of Seven (G7) [8, 9] countries, top 10 NGC countries [10] etc, none 
of them have focused on the dynamics at play involving the top NGV consumers, which will 
potentially influence the dynamics of gas consumption and economic growth for the rest of Europe 
as well. In exploring the relationship between gas consumption and economic growth, the present 
study focuses on the 10 largest markets of NGV users in Europe (see Tables A.1 and A.2 in 
appendix A for selected statistics indicators on selected countries), which include (from largest to 
smallest) Italy, Germany, Bulgaria, Sweden, the Czech Republic, France, Switzerland, the 
Netherlands, Austria and Hungary. Ireland is also included (for the sake of comparison with a 
country on the verge of NGV market development), as well as the UK, as the major gas exporting 
partner of Ireland. Ireland is en route to developing a NGV market and, given that Ireland as a 
country uses a large share of its NG for electricity generation, further inquest into the linkages 
between energy usage (NG) and economic growth will contribute to the growth of an NGC nexus. 
This current study adds to this body of evidence by taking a closer look at a smaller group of 
countries (top 10 consumers plus the UK and Ireland), while exploring their NGC as one of the 
potential sources of alternative energy as well as identifying their causes and impact to relative 
economic indicators, to provide findings that can prove useful for both its policy and awareness.  
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This study employs both the fully modified ordinary least square (FMOLS) and the dynamic 
ordinary least square (DOLS) method, due to its ability to provide consistent estimates when 
dealing with small data sets. We also make use of the Dumitrescu and Hurlin (D–H) [11] method, 
to further ascertain the direction of the relationship between economic growth and NGC.  Evidence 
of the growth hypothesis is found for Bulgaria, Switzerland and Austria, while Italy and the UK 
exhibited the feedback hypothesis. The remaining countries supported the neutrality hypothesis. 
The rest of the paper is organised as follows: Section 2 presents a brief review of the literature, 
section 3 describes the data and presents the methodology, and in section 4, the results are 
presented and discussed. In section 5, the conclusion and policy implications are given. 
 
2 Literature on NGC and economic growth 
Several studies in literature have examined the causal relationship between NGC and economic 
growth. Indeed, a couple of studies have provided a good survey of literature setting out methods 
for understanding this relationship [6, 7, 9, 12, 13]. Several of these studies have commonly cited 
literature showing data period covered, countries covered, methodology employed and causality 
relationship identified. Additionally, Table 1 is presented to show a summary for selected panel 
data studies on NGC and economic growth. Overall, what is observed from these literature surveys 
is structured literature on commonly applied multivariate model frameworks (methods), variables 
employed, findings and policy implications regarding NGC and growth nexus. For example, [7] 
provided a table of up to 31 case studies, with literature mostly relevant to OPEC countries. 
Similarly, [9] expounded on numerous studies, albeit more focused on European countries. A 
central concern in most of the cases cited in these studies, as well as the actual articles themselves, 
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NB: NGC - natural gas consumption; GDP - gross domestic product, GFC - gross fixed capital formation;  
TTGS - total trade of goods and services; TO – trade openness; TLF – total labour force; VECM – vector error-correction model 
NGC→GDP indicates there is growth hypothesis, a presence of causality from natural gas consumption to economic growth 
GDP→NGC indicates there is conservation hypothesis, a presence of causality from economic growth to natural gas consumption  
NGC↔GDP indicates there is feedback hypothesis, a presence of bidirectional causal relationship between natural gas consumption and economic 
growth  
NGC≠GDP indicates there is neutrality hypothesis, a case of no causal relationship between natural gas consumption and economic growth   
 
Rather than repeat these studies in literature, we mention exemplary cases that cover countries 
closer to our selection group. Looking at studies that include some of our selected countries, [9] 
found, using the G7 data period from 1970 to 2008, Granger causality between NGC and growth 
for Italy and an adverse case for the UK, while France and Germany showed bidirectional Granger 
causality. In a panel study of EU member states, [6] made use of the fully modified OLS (FMOLS) 
estimation technique in assessing a panel of 26 European countries over the period running from 
1997 to 2011. They found evidence in support of the feedback hypothesis in the short run. 
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Apergis and Payne [4] carried out a similar study but for a much broader selection of countries (67 
countries). Many of these studies, given their cross-sectional nature, often report findings and bloc 
characteristics. While such information is useful at the initial stages of an inquest into a specific 
nexus area such as NGC and economic growth, the goal should be to find a way in which to factor 
individual country characteristics, hence reducing bias because of unobserved heterogeneity. Such 
bias limits understanding of per country relationships and explanations, as EU countries vary 
significantly regarding the size of their NGC, size of total primary energy supply, and 
diversification of use. As such, suggested policy implications from a broader group can be limited. 
We therefore limit our country selection to 12 markets in Europe, and tease out individual country 
characteristics, as exemplified by [5].  
In the Destek [5] study, 26 OECD countries were considered, including some of the countries 
selected in our study but excluding Bulgaria, Hungary and the Czech Republic. Of special interest 
to our study is the Dumitrescu and Hurlin (D–H) [11] approach to teasing out individual country 
characteristics. In this study, a similar testing procedure is used, along with D–H causality [11]  at 
individual country level. This allows for a comparison of the Destek [5] results with observed 
study findings4. Nonetheless, based on D–H results, [5] found the following evidence: the growth 
hypothesis for Austria and France; the conservation hypothesis for Ireland and the Netherlands; 
the feedback hypothesis for Italy, Sweden, Switzerland and the UK; and the neutrality hypothesis 
for Germany.  
 
3 Methodology framework 
Following the works of Ozturk and Al-Mulali [17] and Destek [5], this study employs a 
neoclassical model and a production function, according to which output growth is determined by 
the general consumption level of the economy. Causality is examined, as well as long-run 
relationships between NGC and economic growth. To this end, the impact of NGC, total trade as 
a share of GDP, gross fixed capital formation, and labour force, on real GDP as a panel series, is 
examined. The annual data employed in this study are sourced from the World Development 
                                                      
4 Although the study mentions the use of the variable total labour force, this was omitted in the described function. 
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Indicators of the World Bank and BP Statistical Review of World Energy. The data covers the 
period from 1991 to 2016. This is to avoid the use of an unbalanced panel distribution, as some of 
the countries only have data starting at 1991. A balanced panel distribution was chosen for easier 
comparison of the results. 
A consistent occurrence in the analysis of most of the studies reviewed in literature is the 
determination of the direction of causality. In doing so, three steps are often followed, namely: (i) 
the test for unit root and stationarity property, (ii) the cointegration test, and (iii) the causality test. 
The unit root test is done to determine the stationarity properties of variables. The stationarity of a 
series can strongly influence its behaviour and properties [18]. It is further important because it 
minimises the possibility of obtaining inconsistent estimates.  The unit root tests used for this study 
are individual root tests of Fisher – Augmented Dickey Fuller, Phillips Perron, and Im, Pesaran 
and Shin (henceforth referred to as IPS) are applied.  
Upon ascertaining whether or not the variable of interest contains unit roots or not, the 
cointegration test is carried out. This helps identify the presence of long-run co-movement among 
the variables. The causality test is often undertaken to determine direction of influence between 
variables, and whether this relationship dynamic is in the short-run or the long-run. As previously 
mentioned, to assess the linkage between gas consumption and economic growth, four  hypotheses 
which describe this relationship and have also been put forth in literature, are considered, namely: 
the growth hypothesis; conservation hypothesis; feedback hypothesis; and neutrality hypothesis 
[5]. The main concern of this study is the existence of the growth hypothesis, which states that gas 
consumption unidirectionally causes economic growth.   
This study employs the fully modified ordinary least square (FMOLS) and the dynamic ordinary 
least square (DOLS) method of Philips and Hansen [19], modified by Pedroni [20], for the panel 
long-run estimation procedures. This method is used because it helps account for potential 
endogeneity problems and provides consistent estimates when dealing with relatively small data 
observations. This comes in very handy, since the standard ordinary least square (OLS) provides 
inconsistent and inefficient results in such a case [21]. In addition, this method is considered 
appropriate in this study due to its applicability in the presence of nonstationary variables [21-23]. 
The panel unit root test is conducted to determine whether the chosen estimation technique would 
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provide consistent estimates or not. In the presence of non-stationarity, the traditional methods of 
investigating causal relationships, such as the Granger causality approach, would give inconsistent 
estimates. Additionally, panel cointegration tests is also done to verify the presence of long-run 
co-movement among the variables. Finally, a panel causality test using the vector error correction 
model (VECM) as well as the Dumitrescu and Hurlin (D–H) [11] method was conducted to 
investigate the direction of the relationship between economic growth and NGC.  
3.1 Panel stationarity tests  
The unit root and cointegration tests are carried out to determine the order of integration of the 
series and the cointegrating equations among the series, respectively. There is a need to confirm 
that all the variables in the model are integrated of the same order. In doing so, five different panel 
unit root tests (known  as the multiple series unit root tests) are employed: Fisher tests using the 
Augmented Dickey Fuller (ADF) and the Philip Perron (PP) tests (Maddala and Wu, 1999 and 
Choi, 2001) [24, 25]; Hadri [26]; Breitung [27]; Levin, Lin and Chu (henceforth referred to as 
LLC) [28]; and IPS [29]. This study will employ the latter tests (ADF, PP, IPS) because they are 
more powerful and less restrictive than the former, which do not permit autoregressive coefficient 
heterogeneity. According to Bangake and Eggoh [30], the proposed test of IPS assumes 
heterogeneity of units in the dynamic panel context, thereby dealing with potential serial 
correlation problems exhibited in Levin and Lin [31].  
The panel unit root for the ADF regression equation is specified as: 
Δ𝑦𝑖𝑡 = 𝛼𝑦𝑖𝑡−1 + ∑ 𝜓𝑖𝑗Δ𝑦𝑖𝑡−1
𝛿𝑖
𝑗=1
+ 𝑋′𝑖𝑡𝛾 + 𝜉𝑖𝑡                                                                               3.1     
with the null hypothesis: 
𝐻0: 𝛼𝑖 = 0, for all 𝑖          3.2 
where 𝑖 is construed to be a non-zero fraction of a specific process, which is stationary.  
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3.2 Panel cointegration 
For the purpose of this study, we consider the residual-based panel fully modified OLS (FMOLS) 
estimator by Pedroni [20] and Mark and Sul [32], which produces normally distributed, 
asymptotically unbiased coefficient estimates. The empirical model is specified in Equation 3.3.  
𝑦𝑖,𝑡 = 𝜙0 + 𝝌𝑖,𝑡′𝛽 + 𝑫1𝑖,𝑡′𝛾𝑖,𝑡 + 𝑢1𝑖,𝑡                3.3 
where 𝑫𝑖,𝑡 = (𝑫1𝑖,𝑡′, 𝑫2𝑖,𝑡′)′ are the deterministic trend regressors, while the system of equations 
(Equation 3.4) governing the 𝑛 stochastic regressors, 𝝌𝑖,𝑡, is explained by Equation 3.4. 
𝝌𝑖,𝑡 = Γ21𝑖
′𝑫1𝑖,𝑡 + Γ22𝑖
′𝑫2𝑖,𝑡 + 𝜖2𝑖,𝑡                     3.4 
where ∆𝜖2𝑖,𝑡 = 𝑢2𝑖,𝑡. Deterministic trend regressors, 𝑫2𝑖,𝑡 , are included in regressor equations but 
not in the cointegrating equation, while 𝑫1𝑖,𝑡 regressors enter the cointegrating equation as well as 
the regressor equations. However, when the deterministic trend term only consists of cross-section 
dummy variables, the panel cointegrating equation follows Equation 3.5. 
𝑦𝑖,𝑡 = 𝜙0 + 𝝌𝑖,𝑡
′ 𝛽 + 𝛾𝑖 + 𝑢1𝑖,𝑡                 3.5 
where 𝛥𝝌𝑖,𝑡 = 𝑢2𝑖,𝑡. The model proposes independence of 𝑦𝑡, 𝑢𝑡 and 𝜒𝑡 and hypotheses that 𝜒𝑡 is 
not cointegrated. 
 
3.3 Panel long-run estimation techniques 
Given a cointegrated series, the study will investigate the long-run relationship between the 
identified parameters using the FMOLS and DOLS cointegrating regression estimation method. 
The FMOLS estimators below summarise their ability to deal with endogeneity and serial 
correlation problems, explained by Equation 3.6. 










]                                3.6 
 
The FMOLS fitted values are ŷ𝑓𝑚𝑜𝑙𝑠 = 𝝌𝑖β̂𝑓𝑚𝑜𝑙𝑠 and the FMOLS fitted residuals are 𝑢𝑓𝑚𝑜𝑙𝑠 =
𝑦𝑖 − 𝝌𝑖β̂𝑓𝑚𝑜𝑙𝑠.  
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Empirical model for this study is econometrically specified as: 
𝐿𝑁𝐺𝐷𝑃𝑖𝑡 = 𝜗0 + 𝜗1𝐿𝑁𝐺𝐶𝑃𝑖𝑡 + 𝜗2𝐿𝑁𝐺𝐶𝐹𝑖𝑡 + 𝜗3𝐿𝑁𝐿𝐵𝐹𝑖𝑡 + 𝜗4𝐿𝑁𝑇𝑅𝐷𝑖𝑡 + 𝜖𝑖𝑡  3.7 
where 𝐿𝑁𝐺𝐷𝑃 means the natural log of real GDP per capita; 𝐿𝑁𝐺𝐶𝑃 means the natural log of per 
capita natural gas consumption; 𝐿𝑁𝐺𝐶𝐹 means the natural log of per capita gross fixed capital 
formation; 𝐿𝑁𝐿𝐵𝐹 means the natural log of total labour force; and 𝐿𝑁𝑇𝑅𝐷 means the natural log 
of per capita total trade.5 𝜖𝑖𝑡 is the error term; 𝑡 is the time period while 𝑖 is the cross section series. 
The empirical panel FMOLS employed in this study is acquired by the panel estimation and the 
individual estimation of Equation 3.7. The DOLS estimation procedure used for this study is also 
acquired from the panel estimation and the individual estimation of Equation 3.7, but with the 
introduction of leads (−𝐾𝑖) and lags (𝐾𝑖) of the series as: 
𝐿𝑁𝐺𝐷𝑃𝑖,𝑡 =
𝜑0𝑖 + 𝜑1𝑖𝐿𝑁𝐺𝐶𝑃𝑖,𝑡 + 𝜑2𝑖𝐿𝑁𝐺𝐶𝐹𝑖,𝑡 + 𝜑3𝑖𝐿𝑁𝐿𝐵𝐹𝑖,𝑡 + 𝜑4𝑖𝐿𝑁𝑇𝑅𝐷𝑖,𝑡












+ 𝜖𝑖,𝑡                                                            
         
                      3.8 
This estimation method is considered suitable when there is a single cointegrating vector among 
variables that are I(1) process, but the explanatory variables are not cointegrated. This implies that 
the method is appropriate when a long-run relationship exists among the variables employed in the 
system and no separate cointegrating vector is found among the explanatory variables. We then 
employ the Granger causality test to determine the direction of causality within the series, using 
the panel VECM (see relevant equations and specifications in the Appendix). 
 
                                                      
5 Gross domestic product (GDP) – per capita is measured as PPP constant 2011 international $. Natural gas energy consumption 
(GCP) is measured in billion cubic feet. Gross fixed capital formation is measured in constant 2010 US$. Labour force (LBF) is 
measured as people ages 15 and older who supply labour for the production of goods and services during a specified period. Total 




3.4 Dumitrescu–Hurlin panel Granger causality test 
This study takes a further step to tease out the nature of country-specific causality by employing 
the Dumitrescu–Hurlin Granger causality test[11], as specified by Equation 3.9. The Dumitrescu 
and Hurlin (D–H) test reports a Wbar statistic (average of test statistics), a Zbar statistic 
(standardised statistics) and the probability value, as well as the Zbar tilde statistic (standardised 
for the fixed T sample period). In this present study, t approaching T = 26 years and the 
corresponding cross-section size i to N=12 countries. Accordingly, the Wbar statistic relates to the 
cross-sectional average of the N standard individual Wald statistics of the Granger non-causality 
tests.  











    
                           3.9   
Lag orders are represented by K, which is automatically selected by the Akaike information 
criterion (AIC).   
Hypotheses tests are as below:  
(1) H0:  There is no causal relationship between gas consumption and real GDP growth. It 
stays the same, as gas consumption does not cause real GDP growth. 
H1: There is a causal relationship between gas consumption and real GDP growth.  
(2) H0:  There is no causal relationship between real GDP growth and gas consumption. It 
stays the same, as real GDP does not cause gas consumption. 
H1: There is a causal relationship between real GDP growth and gas consumption. 
 
4 Result and discussion    
4.1 Stationarity and determination of order of integration 
As discussed in the previous section, this study employs the Fisher-type ADF, PP tests, and IPS 
tests, which assume that 𝛿𝑖 varies across series, as they are more powerful and less restrictive than 
the assumed common unit root process, which does not permit autoregressive coefficient 
heterogeneity. The panel unit root test result is reported in Table 2.  
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Table 2: Panel unit root at level and first difference 
































































Note:   Maximum lags were automatically selected by the Akaike information criterion (AIC) between 0 and 3 lengths. 
The results suggest that we fail to reject the null hypothesis of unit root in the series at level for all 
the variables, except LNGCP, which is stationary at level. However, the null hypothesis of unit 
root can be rejected on LNGDP, LNGCF, LNLBF and LNTRD at first difference. This means that 
all the variables employed in this study are integrated of order one (I(1)), except LNGCP, which 
is integrated of zero (I(0)). The implication is that real GDP, NGC, gross fixed capital formation, 
labour force and trade openness are stationary series at the conventional level. Given a set of 
stationary series at first difference, this study further investigates whether any cointegrating 
relationship exists between the series that are I(1) process.  
 
4.2 Panel cointegration results 
A panel cointegration test is conducted for the I(1) process series, using the Pedroni cointegration 
test. This is to determine whether there is a long-run association between the variables in our series 
since they are not stationary at their levels. Table 3 presents the results for the panel cointegration 
test using an individual intercept, and no intercept or trend of the series. The results indicate a 
rejection of the null hypothesis of no cointegration, using panel PP and ADF statistics as well as 
Group PP and ADF statistics. The implication of this result is that there is strong evidence that real 
GDP, gross fixed capital formation, labour force and trade openness are cointegrated. In other 
words, although the individual series are not stationary at level, their residuals are stationary. 
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Table 3: Panel cointegration tests 
        Individual intercept        No intercept or trend 
Test Statistic p-values Test  Statistic p-values 
Panel PP statistic –2.9902  0.0014*** Panel PP statistic –2.1142  0.0173** 
Panel ADF statistic –1.5556  0.0599* Panel ADF statistic –2.0037  0.0226** 
Group PP statistic –4.6269  0.0000*** Group PP statistic –3.1691  0.0008*** 
Group ADF statistic –3.7971  0.0001*** Group ADF statistic –4.0973  0.0000*** 
Note:   *, **, and *** mean a statistical significance level of 10, 5 and 1 per cent, respectively. 
 
4.3 Panel cointegrating regression – FMOLS and DOLS results 
With a long-run relationship between the series confirmed, the long-run parameters are estimated, 
using the panel FMOLS and DOLS estimation techniques. Table 4 presents the panel and country-
specific cointegrating FMOLS results. The panel results show that NGC and the labour force 
significantly reduce GDP, while gross fixed capital formation and trade openness significantly 
increase it. The result shows that a 1% increase in NGC and labour force will reduce GDP by 
0.097% and 2.112%, respectively, while a 1% increase in gross fixed capital formation and trade 
will increase GDP by 0.758% and 0.341%, respectively.  
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Table 4: Country-specific FMOLS results 
Country LNGCP LNGCF  LNLBF  LNTRD  𝑹𝟐̅̅̅̅  





















































































































Note: * indicates that the estimate is significant at 10%, while ** and *** show a significance level of 5% and 1%, 
respectively. 
 
The country-specific FMOLS results show that NGC reduces real GDP in Italy, Germany, 
Bulgaria, the Czech Republic, France, Switzerland, the Netherlands and Ireland. On the other hand, 
NGC increases real GDP in Sweden, Austria, Hungary and the UK. The highest magnitude of the 
effect of NGC on real GDP is felt in Ireland, with its real GDP being reduced by 0.831% when 
there is 1% increase in NGC. In addition, the FMOLS results indicate that the labour force has a 
negative impact on real GDP in Italy, Germany, Bulgaria, the Czech Republic, France, Switzerland 
and the Netherlands.  
16 
 
The impact of gross capital formation is positive in all the economies considered, with the highest 
effect being seen in France. This means that a 1% increase in gross capital formation per capita 
will increase real GDP per capita in France by 0.838%. Per capita trade also affects real GDP per 
capita positively in all the economies, except in Sweden, where the estimate is not statistically 
significant. The findings show that the highest effect of per capita trade on per capita real GDP is 
found in Bulgaria. The results indicate that a 1% increase in per capita trade in Bulgaria will 
increase per capita real GDP by 0.931%. 
 
Table 5: DOLS results 


























































































































Table 5 presents results on both the panel and the country-specific cointegrating DOLS. As found 
in the FMOLS results, the panel DOLS results show that NGC and labour force significantly 
reduce gross domestic product, while gross fixed capital formation and trade openness 
significantly increase gross domestic product. The results show that a 1% increase in NGC will 
reduce GDP by 0.098%. The DOLS country-specific results are also consistent with the FMOLS 
country-specific results regarding the effect of NGC on per capita real GDP in all the NGV market 
economies considered, with the highest magnitude effect of 0.77% shown in Ireland. Given that 
the main focus of this study is the causal effect of NGC on economic growth, the negative 
relationship observed contradicts what the rest of literature has found. Furthermore, finding that 
NGC reduces real GDP in eight out of twelve (about 70%) of the economies considered, is 
concerning. Importantly, the findings confirm that the greatest negative effect of NGC on real GDP 
is found in Ireland, compared to other NGV market economies. 
 
Table 6: Panel VECM results 
Independent short-run results Long-run results 
Variable ∆LNGDP ∆LNGCP ∆LNGCF  ∆LNLBF ∆LNTRD  ECT(–1) 
∆LNGDP - 0.0110 0.0259* 0.1211 –0.0144 –0.0189* 
∆LNGCP 0.0443 - –0.0267 –0.4078 –0.0664 –0.1832*** 
∆LNGCF 1.7582*** 0.1417*** - –0.0430 –0.1340** 0.1123*** 
∆LNLBF 0.1038*** 0.0054 0.0061 - –0.0079 –0.0157*** 
∆LNTRD 0.1390 0.0489 –0.0328 –1.2046*** - –0.1020*** 
Note: * indicates that the estimate is significant at 10%, while ** and *** show a significance level of 5% and 1%, 
respectively. 
 
Given a cointegrated panel series, the study employs a VECM Granger causality test to determine 
the direction of causality between NGC, gross fixed capital formation, labour force, trade openness 
and GDP in the NGV market economies. The panel short-run results in Table 6 suggest that gross 
fixed capital formation has a positive impact on the panel GDP in the short run, while NGC, labour 
force and trade openness have no significant impact on the panel GDP in the short run. The 
implication of this is that the growth hypothesis for NGC in the economies is not valid in the short 
run. However, the error correction term (ECT) is negative and statistically significant. This implies 
18 
 
that NGC, gross fixed capital formation, labour force and trade openness have an impact on the 
panel GDP in the long run. Thus, the growth hypothesis for NGC is only valid in the long run. 
This result is consistent with the long-run cointegrating results from the FMOLS and DOLS in the 
previous section. 
Considering the direction of causality between NGC and economic growth and the causal 
relationship with other variables included in this study, a unidirectional relationship can be noticed 
between gross capital formation and NGC, with NGC significantly affecting gross capital 
formation, while the same does not hold the other way around. However, with NGC and economic 
growth, no causality was found in either direction in the short run. Regarding other variables being 
considered, the result reveals that neither labour force nor trade openness has a causal impact on 
GDP in the short run. Looking at the causal impact of the other variables in the study, the results 
show no causality between gross fixed capital consumption, labour force and trade openness, and 
NGC in the short run.   
Overall, regarding the other variables, evidence suggests that NGC is independent of gross fixed 
capital formation, the labour force and trade openness in the short run. Furthermore, no evidence 
of causality was found between NGC and the other two variables (labour force and trade), but 
some evidence was found of a causal impact of both GDP and NGC on gross fixed capital 
formation. In addition to all the above, it has also been found that only real GDP has a causal 
impact on the labour force in the short run. 
 
4.4 D–H Granger causality tests 
The advantage of the D–H test is the ease with which it deals with the causality hypotheses that 
are to be tested. In this test, it is clear, from the two scores reported, under which of the four briefly 
described hypotheses each of the 12 countries considered fall. This section limits causality tests to 
GDP and NGC. We have conducted two-way tests, with test 1 structuring NGC as the independent 
variable and real GDP per capita as the dependent variable. The test obtained a Wbar statistic of 
2.6939, a Zbar statistic of 4.1492 with a p-value of 0.0000, and a Zbar tilde statistic (standardised 
for a fixed T-value) of 3.2861 with a p-value of 0.0010. Similarly, test 2 considered real GDP per 
capita as the independent variable and NGC as the dependent variable. The results obtained 
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showed Wbar statistic of 1.8244, a Zbar statistic of 2.0193 with a p-value of 0.0435, and a Zbar 
tilde statistic (standardised for a fixed T-value) of 1.4934 with a p-value of 0.1353. 
Table 7: Dumitrescu and Hurlin panel Granger causality test  
Country X-gas consumption 
cause → Y-real GDP 
(1) X-real GDP cause  
→Y-gas consumption  
(2) 


















1.1114       
9.3434       
0.0007       
6.5822       
0.3845       
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NB: At lag 1, based on Akaike information criterion (AIC) selection.  
 
Table 8: Dumitrescu–Hurlin results comparison to Destek [5] findings 

































































From the D–H causality test result (see Table 7), it is evident that most of the countries support 
the neutrality hypothesis, which indicates a minor or no significant impact of NGC on economic 
growth. For example, Bulgaria, Switzerland and Austria confirm the economic growth hypothesis. 
Italy and UK confirm the conservation hypothesis, while the rest support the neutrality hypothesis. 
In comparison to findings by [5], although using a different data period (1991–2013) to the period 
of this study, only Germany and Austria match the D–H outcomes6 of the study. The comparison 
of the outcome of this study with that of [5] is represented in Table 8. 
In the case of Bulgaria, 15% of energy used in the transport sector comes from NG, while 58% of 
NG-based energy is directed towards industrial use, suggesting NGC accounts for a significant 
proportion of energy usage in Bulgaria and making it plausible that NGC may indeed have an 
impact on economic growth. For Sweden, on the other hand, the evidence supports neutrality, 
which is not surprising when the transport sector share (5.2%), total primary energy supply (TPES) 
share (2%), and total imports (33.7 TJ) are considered. The D–H causality test indicates that 
Austria’s NGC relates to GDP growth, while its GDP growth does not relate to the cause of NGC. 
The D–H inference should be taken with caution, given that only two relationships are observed 
between NGC and GDP. 
 
5 Conclusion and policy implications 
This study explored the relationship between natural gas consumption (NGC) and economic 
growth in 12 European countries, which included the top 10 NGV market and the UK and Ireland. 
The assessment has been based on the neoclassical growth model, which considers the role that 
natural resources play in economic growth. The data used in this assessment spanned the period 
from 1991 to 2016. In conducting this analysis, several long-run and panel cointegration estimation 
techniques were used to tease out both short-run and long-run relationship dynamics between NGC 
and economic growth.  
                                                      
6 measured as PPP constant 2011 international $. Natural gas energy consumption (GCP) is measured in billion cubic feet. Gross 
fixed capital formation is measured in constant 2010 US$. Labour force (LBF) is measured as people 
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The results obtained are mixed. Evidence was found in support of a long-run co-movement 
between NGC and the four variables of interest (real GDP, gross fixed capital formation, labour 
force, and trade openness). Excluding specific country analysis, [6] observed a similar finding 
from a study of 28 EU member states involving relationship determination between GDP, NGC, 
labour and capital variables, and excluding gross fixed capital formation. This led to the conclusion 
that increasing economic output in the EU member states relates to increasing NGC, which on the 
other hand contributes to fall in economic development.  
 This study found evidence in support of the feedback hypothesis in the short-run. However, the 
long-run results present evidence of NGC, gross fixed capital formation, labour force, and trade 
openness having a long-run impact on economic growth. This confirmed the existence of the 
growth hypothesis in the long-run for the panel of 12 countries considered. The short-run 
relationship dynamics between NGC and economic growth did not produce strong results for the 
panel. However, evidence was found of short-run significant influence of NGC on gross fixed 
capital formation. Other than this, NGC seems to be a relatively independent phenomenon for the 
panel of 12 countries considered. It was found to be independent of economic growth, gross fixed 
capital formation, the labour force, and trade openness.  
When the relationship dynamics between economic growth and the four other variables of interest 
are considered, we find that real GDP has a causal impact on both gross fixed capital formation 
and the labour force, while no evidence of the reverse was found. Further steps were taken to assess 
the individual country characteristics regarding NGC and economic growth. The overarching 
evidence supported the neutrality hypothesis (i.e. no influence in either direction), except in 
Austria, Bulgaria and Switzerland, which gave significant evidence of the growth hypothesis. That 
is, in Austria, Bulgaria and Switzerland, changes in the consumption of NG do influence economic 
performance. To avoid adverse effects of policy decisions on NG demand and consumption, 
planned and implemented NG policies should be taken with more consideration for these countries.  
In comparison to other results obtained by [5], the results obtained for this study only confirm the 
outcome for two countries (Germany and Austria). Lastly, the FMOLS and DOLS analyses show 
evidence of a negative and significant relationship between NGC and economic growth in most of 
the countries considered, except in Sweden, Austria, Hungary and the UK, that is, countries that 
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have experienced high levels of negative growth over the past decade. Therefore, while NGC does 
not influence economic performance directly for the considered data and period of this study, the 
potential impact it has on investment may pose an avenue of interest to policy makers. As such, 
the power of NGC can be harnessed for the European countries considered in this study. The 
countries covered are net importers of NG (see Table A.2 in appendix), with the exception of 
Netherlands having 1814 Terajoules (TJ) of local NG production and 1263 TJ of NG import in 
2015. These makes them subject to international gas price volatility and supply shocks, while also 
availing to opportunities for cheaper fuel option to oil, and thereby a lower energy cost to 
consumers and investors, and lower national energy import value, and a contribution to emissions 
reduction targets. Substituting oil with natural gas is favoured across EU member policies, with 
confirmed carbon advantages over coal, diesel and petrol. This is already evident in residential 
energy source and is now favoured for vehicle fuelling. The European Directive 94/2014/EU [33] 
supports the deployment of alternative fuels infrastructure, which include development of regional 
NGV infrastructures. Such policy directions suggest the likelihood for increasing use of NG in the 
EU. As selected EU member countries differ in significance of NGC to economic growth, this 
revelation suggest member states will vary in sensitivity to shocks in gas price and policy, while 
influenced by common regional policy goal and approach.  
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Transportation use of NG globally stood at 2.7% in 1973 and at 6.9% in 2014 [34]. In 2016, 
European transport energy was comprised of 94% oil energy [35]. Table A.1 shows the figures for 
NGVs and NGV stations in selected countries, along with statistics on gas consumption and global 
market share in 2016. By and large, NGC has been directed more towards uses other than 
transportation in the EU. Table A.2 shows the ratio of transport energy to final NGC for the 
respective countries in 2015. To show the prevalence of NG in comparison to other energy sources, 
Table A.2 further shows the share of NGC directed towards electricity generation. In 2016, 
Ireland’s share of NG usage stood at 55%, which is the largest percentage of the twelve selected 
countries. Other large share users of electricity included Italy (42%), Netherlands (46%), and the 
UK (43%).  
 
Table A.1: 2016 statistics on the top ten NGV markets in Europe, the UK, and Ireland 
Country NGV NGV 
station 
Total NG 





























































































NB: NGV and NGV station have been sourced from Natural & bio Gas Vehicle Association (NGVA) EU [36]. Total 
NGC and market share have been sourced from the BP Statistical Review of World Energy, which ‘excludes natural 
gas converted to liquid fuels but includes derivatives of coal as well as natural gas consumed in Gas-to-Liquids 







Table A.2: Statistics on the top ten NGV markets in Europe, the UK, and Ireland 
Country 2015 Transport energy 
share (%) to final NG cons 
2016 NG fuel 
in TPES (%) 
2016 NG (%) in 
electricity generation  
2015 local NG production 
TJ thousand 
2015 NG import 









































































NB: The 2015 transport energy share of NGC has been sourced from IEA statistics. TPES denotes total primary 
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where 𝑖 is the cross-sections (1, 2, 3,…12 countries), 𝑚 is the number of lag, and 𝑡 is the period, 
while 𝜖𝑖,𝑡 is the error term from the long-run regression estimation. 
 
